Growth of hPSCs using functional hECM
Introduction

61
The stem cell biology field is continually transforming, especially in recent years with the 62 introduction of several validated protocols for obtaining human-induced pluripotent stem cells 63 (hiPSCs) (1,2), which have created new avenues for studying different diseases and regenerative 64 medicine applications. Several human embryonic stem cell (hESC) and hIPSC lines have been 65 derived and grown using mouse feeder layers, Matrigel®, or other animal reagents (3,4). 66
However, recent successes using pluripotent stem cell (PSC) derivatives in clinical trials (5,6) 67 have emphasized the need for improved quality standards before these derivatives are applied in 68 cell therapies. In particular, new culture methods must be developed that circumvent the need for 69 animal products because these might provoke infections or immune rejection following 70 transplantation into patients (7). Thus, chemically defined culture systems that are devoid of 71 nonhuman substances will greatly facilitate the use of human stem cells (hSCs) in therapies. 72
Extracellular matrix (ECM) modulates cellular adhesion processes and signaling inside stem cell 73 niches and is essential for maintaining their structure and supportive qualities (8,9). An attractive 74 alternative to the use of feeder cells, and the complications associated with them, is the 75 development of an animal-free ECM, and there would be many advantages to maintaining PSCs 76 on such supports. Indeed, undefined mixtures of natural and synthetic matrix proteins are already 77 used as a coating for in vitro human stem cell culture (10), but unfortunately, most of these 78 reagents are cost-prohibitive for many laboratories. Decellularization procedures are traditionally 79 used to isolate ECM from cells and organs (11), facilitating remodeling in animal models and 80 humans. However, the procedures used to remove the cells, especially detergent-based methods, 81 can alter the native structure of the ECM (12,13). 82
We previously published a protocol which allows long-term growth of undifferentiated hESCs on 83 human functional foreskin ECM (hffECM), extracted by using RIPA buffer and cultured using 84 human foreskin conditioned medium, in the Methods in Molecular Biology series (14). Here we 85 present a modification of our previous protocol which replaces RIPA with a simple, low-cost 86 hypotonic buffer without detergents. The hffECM obtained is capable of maintaining the 87 pluripotency of hESCs for more than 40 passages (12). Additionally, our hffECM has also been 88 validated as a coating for directed-differentiation experiments by using both hESCs and 89 mesenchymal stem cells (MSCs) and as a basis for cell migration studies (12,15,16). 90 91 
Materials
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Springer Science & Business Media New York 10 7. Add 1 mL of media containing 10--20 colonies to each well of the ECM-coated plates. 289 8. Incubate the plates at 37º C with 5% CO 2 and change the media every second day. 290 9. Undifferentiated hESCs should be transferred to new plates every 5--7 days and maintained at 291 37º C with 5% CO 2 . 292
Examples of contrast phase microscope are shown in Fig. 2A and Fig. 2B . Table 1 ). 307 10. Add 1 mL of the corresponding primary antibody dilution to the cultures for at least 1 h at RT 308 or overnight at 4º C. 309 11. Wash 3 times with DPBS. Cells can be left overnight before adding the secondary antibody. 310 12. Dilute the secondary antibody in DPBS and add 1 mL per well (see Table 2 ). 
Preparation of Samples for RT-PCR and QPCR Analysis 322 Analyzes of mRNA expression by reverse transcription PCR (RT-PCR) and real-time 323
quantitative PCR (QPCR) are carried out using standard protocols. An RT-PCR reaction is 324 performed at 60º C and for 35 cycles, except for ß2-microglobulin (performed at 55º C for 35 325 cycles). The QPCR reaction is performed at 60º C (60 s) and 95º C (15 s) for 40 cycles. Primer 326 sequences were designed using Primer3 software and synthesized by Sigma-Aldrich. All primer 327 sequences and DNA fragments are listed in Table 3 . Transcripts encoding the following proteins 328
Oct-4, Tert, Nanog, and FoxD3 should be assessed for pluripotency, and AFP, DBH, and CAC 329 for differentiation (specific lineage) markers. The ß2-microglobulin gene is used as an 330 endogenous control (housekeeping) gene. 331
Extraction and Quantification of Total RNA 332
Total RNA extraction can be performed using 20 hESC colonies maintained on ECM. 12. Add 500 µL RPE buffer to the RNeasy mini spin column, close the lid, and centrifuge at ≥ 362 8,000 x g for 2 min to wash the column membrane. 363 13. Place the RNeasy mini spin column in a new 2 mL collection tube and centrifuge at full speed 364 for 1 min to dry the membrane (optional step). 365 14. Place the RNeasy mini spin column in a new 1.5 mL collection tube and add 30--50 µL 366
RNase-free water directly to the spin column membrane. Close the lid, and centrifuge at ≥ 8,000 367
x g for 1 min to elute the RNA. 368 15. If the expected RNA yield is >30 µg, repeat step 14 using another 30--50 µL RNase-free 369 water, or the elute from step 14 (if a high RNA concentration is required). Reuse the collection 370 tube from step 14. Note: if the elute from step 14 is used, the RNA yield might be 15--% lower 371 than using a second volume of RNase-free water but the final RNA concentration will be higher 372 (see Note 14). 373 16. Quantify the extracted RNA and evaluate its quality using a NanoDrop spectrophotometer or 374 a RNA-integrity gel. Either use the eluted RNA directly in following steps (RT-PCR and QPCR) 375 or store the eluted RNA at -80º C for later analysis. 376 
